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Abstract Insufficient knowledge of the germination
ecology of local species is one of the main constraints to
restoration of degraded rural lands. We tested seeds from
fourteen Sudanian savanna species targeted for restoration
for their response to two different pretreatments (conven-
tional and prolonged acid pretreatments) and two different
storage conditions (ambient room conditions and refriger-
ator at 4 C). For 6 of the studied species, longer soaking in
sulphuric acid significantly improved germination rates and
also reduced the germination time of some species. Storage
condition, in general did not affect germination rates
except for two species where cool storage depressed ger-
mination. The practical implication is that, for the species
tested, when mature seeds are collected for plantation in
the upcoming rainy season, there is no need to invest in
infrastructure and energy for storing in cold conditions.
The study also revealed that in general when seeds are
stored in ambient conditions from the time of collection up
to seeding time, although germination rate does not
increase, germination time is shortened and this could be of
great interest in synchronizing germination in real field
conditions.
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Introduction
Restoration of degraded land remains a challenge for local,
national and international organizations. Revegetation
constitutes the most widely accepted and useful way to
reduce erosion and protect soils against degradation during
reclamation/restoration (Sheoran et al. 2010). Germination
is the first critical phase of plant establishment and it can be
delayed or hampered by various factors. First, blockage of
germination or dormancy may be inherent to the seed itself
and can be of many types namely, morphological, physi-
ological, physical, and a combination of these types
(Baskin and Baskin 1998). Each species in nature has its
own germination behavior which includes, inter alia, the
conditions required to break dormancy and to promote
germination of non-dormant seeds (Liu et al. 2011). Some
seeds may cycle through dormancy status.
For dormant seed, dormancy must be released before the
seed can germinate and release of dormancy can be real-
ized using pre-sowing treatments. In Burkina Faso, for
most of the local tree species, the National Tree Seed
Center has advised pre-sowing treatments and there have
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also been many studies of seed germination after different
pretreatments (Zida et al. 2005; Dayamba et al. 2008,
2010). However, for some species subjected to conven-
tional pre-treatments, germination still needs improvement
(Dayamba et al. 2014). Moreover, in natural field condi-
tions, most seeds of seasonal tropical forests, irrespective
of dispersal time, remain dormant until the beginning of the
rainy season, when they germinate (see Vieira et al. 2008).
For large scale restoration (using rainfall), seed collection
does not coincide with planting time and collected seeds
must be stored for some time before planting. This poses
challenges to maintaining seed viability because all seeds
lose viability with age (Fenner and Thompson 2005) and
storage conditions strongly affect seed germination (Al-
hamdan et al. 2011; Liu et al. 2011). However studies of
storage issues are few or even nonexistent in the case of
Sudanian savanna, especially in Burkina Faso. It is
important to improve methods for seed handling between
collections and sowing to raise the probability of producing
vigorous seedlings and successful plantation establishment
(Sanchez-Coronado et al. 2007). This is especially relevant
because storage conditions that maximize seed viability are
often species-specific (Pradhan and Badola 2012). Our
study aimed to gather information that could contribute to
filling the above identified gaps. We first compared two
pre-sowing treatments in terms of seed germination for
fourteen Sudanian savanna species and then, assessed how
seed germination changed depending on storage conditions
from the time of seed collection to planting time (begin-
ning of rainy season) in the same year.
Materials and methods
Seed sources
We tested fourteen Sudanian savanna species, eight with
physical dormancy and six without (Table 1). All species are
important for provision of fuelwood, fodder and food, and all
are prioritized for restoration. Seeds were all collected
directly from the plants at the time of natural dispersal of
each species in January–February 2013 in Laba (11400 N,
02500 W) and Tiogo (12130 N, 02420 W) state forests in
Burkina Faso,West Africa. All seeds were allowed to air-dry
by keeping them in ambient room conditions (mean daily
minimum and maximum temperatures were 16 and 32 C
respectively) until the time of the first germination trial
(which started 3–4 weeks from date of collection). Seeds not
used in the first trial were divided in two batches, one of
which was stored in air-tight containers in a refrigerator
(temperature = 4 C) and the other was kept in ambient
conditions until the second germination trial.
Seed treatments
This study comprised two consecutive trials. The first trial
aimed at identifying for each study species the pretreatment
that increased germination rate. For this trial, each species
was subjected to two pretreatments namely (1) the con-
ventional treatment as advised by the National Tree Seed
Center (CNSF) and (2) prolonged soaking in concentrated
(95 %) sulphuric acid (Table 1). Seeds subjected to these
two treatments were germinated for 30 days (methods
described below). Based on the results of this trial, the best
pretreatment was identified for each species. In a second
trial, this best pretreatment was used on seeds that were
stored in two different conditions namely (1) at ambient
room conditions and (2) in a refrigerator (T = 4 C). For
acid pretreatment, seeds of each species were soaked in
sulphuric acid for the specified time (Table 1) and then
thoroughly rinsed with tap water and soaked for 24 h in tap
water before being transferred to Petri dishes on filter paper
for germination tests.
Germination test
Seeds were placed in Petri dishes on two layers of filter
paper moistened with tap water. A germination table was
set to perform at 30 C from 06:00 to 18:00 h and 25 C
from 18:00 to 06:00 h. The germination room was illu-
minated from 06:00 to 18:00 h with 20 l Em-2 s-1 light
from a fluorescent lamp (F40 W/33 RS cool white light)
mounted on the germination table to simulate conditions of
day and night. Four replications, each with 25 seeds, were
used per species 9 treatment combination. The experiment
was run for 30 days for all species. Germination was
monitored on daily basis and seed showing a radicle of at
least 2 mm long was considered as germinated and was
recorded and discarded. Watering was done once or twice
daily with tap water to avoid drying of the medium.
Statistical analysis
Germination rate (GR) and mean germination time (MGT)
were calculated for each species and treatment as:
GRð%Þ ¼
P
ni
N
 
 100 ð1Þ
MGT daysð Þ ¼
P
ti  nið Þ
N
ð2Þ
where ni is the number of seeds germinated at each day,
N is total number of seeds sown and ti is the number of
days starting from the date of sowing (Bewley and Black
1994). The calculated parameters were subjected to anal-
ysis of variance to test the effect of pre-treatments (1st
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trial) and storage conditions (2nd trial). For seeds stored at
ambient conditions and tested on the two occasions (trials 1
and 2), we analysed the effect of time elapsed between the
two tests, on the germination of the species. Data set for
germination rate was arcsine-transformed (Zar 1999)
before analysis to improve homogeneity of variance and
normality. The results were considered significant when
p\ 0.05 and to show tendency when 0.05\ p\ 0.1.
Results
For Acacia dudgeoni, Adansonia digitata, Albizia cheva-
lieri, Cassia sieberiana, Combretum micranthum and
Diopyros mespiliformis, longer soaking time in sulphuric
acid significantly improved germination rate with
improvement ranging from 11 to 65 % (Fig. 1). For the
latter 3 species, the germination time was also reduced by 3
to almost 9 days.
For Balanites aegyptiaca, Detarium microcarpum, Pil-
iostigma reticulatum and Tamarindus indica, longer soak-
ing in sulphuric acid depressed germination by 9–32 %. No
significant effect was observed on the germination rate of
Combretum glutinosum or Piliostigma thonningii but the
germination time of the latter species was shortened by
11 days. Anogeissus leiocarpa and Terminalia avicen-
nioides did not germinate irrespective of pretreatment.
The results of the second trial showed that for most of
the tested species, storage condition did not significantly
affect germination rate except for Adansonia digitata
where cool storage for about 3 months depressed germi-
nation by 16 % (Fig. 2), and Combretum glutinosum where
refrigerator stored seeds did not germinate (5 % germina-
tion was recorded in ambient conditions). A. dudgeoni and
Table 1 Conventional and prolonged concentrated sulphuric acid (95 %) pretreatments used for each study species
Species Code
used
Family Dormancy
status
Conventional treatment Prolonged acid soaking
Acacia dudgeoni Craib. ex Holl. Ac.dud Leguminosae ND Acid 3 mn ? 24 h
water
Acid 30 mn ? 24 h
water
Adansonia digitata L. Ad.dig Bombacaceae PD Acid 60 mn ? 24 h
water
Acid 120 mn ? 24 h
water
Albizia chevalieri Harms Al.che Leguminosae PD Acid 5 mn ? 24 h
water
Acid 60 mn ? 24 h
water
Anogeissus leiocarpa Guill. & Perr. An.lei Combretaceae ND 24 h in water Acid 5 mn ? 24 h
water
Balanites aegyptiaca (L.) Del. Ba.aeg Zygophyllaceae ND 72 h in water Acid 120 mn ? 24 h
water
Cassia sieberiana DC. Ca.sie Leguminosae PD Acid 5 mn ? 24 h
water
Acid 60 mn ? 24 h
water
Combretum glutinosum Perr. ex DC Co.glu Combretaceae ND 24 h in water Acid 10 mn ? 24 h
water
Combretum micranthum G. Don Co.mic Combretaceae ND 24 h in water Acid 10 mn ? 24 h
water
Detarium microcarpum Guill. & Perr. De.mic Leguminosae ND Acid 30 mn ? 24 h
water
Acid 120 mn ? 24 h
water
Diospyros mespiliformis Hochst. ex A. DC. Di.mes Ebenaceae PD Acid 10 mn ? 24 h
water
Acid 120 mn ? 24 h
water
Piliostigma reticulatum (DC.) Hochst. Pi.ret Leguminosae PD Acid 30 mn ? 24 h
water
Acid 120 mn ? 24 h
water
Piliostigma thonningii (Schumach.) Milne-
Redh.
Pi.tho Leguminosae PD Acid 10 mn* ? 24 h
water
Acid 120 mn ? 24 h
water
Tamarindus indica L. Ta.ind Leguminosae PD Acid 10 mn ? 24 h
water
Acid 120 mn ? 24 h
water
Terminalia avicennioides Guill. & Perr. Te.avi Combretaceae PD Acid 30 mn ? 24 h
water
Acid 180 mn ? 24 h
water
* Conventional treatment is 5 mn ? 24 h soaking in water. This was tested in previous paper (Dayamba et al. 2014, JTFS in press) and showed
poor germination. This is why we increased the soaking time. Dormancy status: PD is physically dormant; ND is non dormant (Schelin et al.
2003; Razanamandranto et al. 2004, 2005; Zida et al. 2005; Dayamba et al. 2008; Jayasuriya et al. 2013). We also based on the prescriptions of
the National Tree Seed Center (CNSF) and identified as non-dormant seeds that did not need scarification treatment to germinate
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D. microcarpum stored in only one of either conditions
were not included in this trial. A. leiocarpa, C. micranthum,
and T. avicennioides showed low or nil germination irre-
spective of storage condition and were not included in this
analysis. With respect to germination time, the 3 months of
cool storage delayed germination by 1, 3 and 9 days for
Albizia chevalieri, Diospyros mespiliformis and Pil-
iostigma thonningii, respectively (Fig. 2).
When we compared germination of newly collected
seeds to that of seeds stored in ambient conditions for
3 months, no significant difference was observed for any of
the species except Combretum micranthum where germi-
nation was almost completely suppressed after 3 months of
storage (59 vs. 1 %). For some species (A. dudgeoni, A.
digitata, D. mespiliformis and P. reticulatum) with no
effect on GR, significant shortening of germination time (by
1–11 days) was observed (Fig. 3). For A. chevalieri and P.
thonningii, although no effect was observed on GR, the
time spent in ambient conditions delayed the germination
by 1 and 2 days respectively.
Discussion
In the present study, longer soaking in sulphuric acid
improved germination rate of 6 of the tested species and
shortened mean germination time for 6 others. The prac-
tical action of acid scarification is to disrupt the barrier for
the uptake of water and oxygen by the seed and permit
radicle emergence by weakening the seed coat structures
(Baskin and Baskin 1998). Therefore if the duration of
soaking is not adequate, scarification will not be complete
and will not lead to expected germination. This is why
determination of optimum time is of paramount interest
(Baskin and Baskin 1998; Dayamba et al. 2014) especially
Fig. 1 Effect of different pretreatments on germination rate and
mean germination time of Sudanian savanna species (Refer to Table 1
for the definition of conventional treatment and time for acid soaking
for each species)
Fig. 2 Effect of storage conditions on germination rate and mean
germination time of Sudanian savanna species
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because excessively long soaking can lead to depressed
germination as observed for 4 of our study species (B.
aegyptiaca, D. microcarpum, P. reticulatum and T. indica),
for which conventional pretreatments would be better. One
species (P. reticulatum) particularly drew our attention
because in our previous study (Dayamba et al. 2014), no
significant difference in GR was observed between the two
soaking durations while the current study revealed that for
this species, the 2 h soaking time was excessive and
depressed germination. One of the reasons for the dis-
crepancy of results between previous and current studies of
this species could be that the current study used newly
collected seeds with probably less thick coats compared to
the 3 year old seeds used in previous study (seeds were
collected in 2008 and tested in 2011 after storage in
ambient conditions). Although this hypothesis would ben-
efit from formal test, Baskin and Baskin (1998) already
stated that the impermeability of coats develops as seeds
dry. This draws attention to the fact that recommendations
for seed pretreatments, apart from being species-specific,
might need to consider seed age. Another species already
tested by Dayamba et al. (2014) and of interest here is P.
thonningii. Two hours of soaking significantly improved
germination compared to 5 min but in the current study,
germination rates were similar after soaking for 2 h and
soaking for 10 min. This suggests that soaking duration of
10 min is adequate. However, as in our previous study, the
longer soaking gave substantially shorter MGT in the cur-
rent study, which could be of great help in synchronizing
germination to an earlier date in field rainfed restoration.
This trial revealed that C. glutinosum showed very poor
germination contrary to a study by Dayamba et al. (2008),
and therefore requires further investigation (tests over
longer storage periods and different conditions, different
provenances) for a full understanding of its germination
ecology.
For most of the tested species, conditions of storage in
the present study did not show any significant difference in
germination. Pradhan and Badola (2012) compared ambi-
ent room condition, refrigeration (4 C) and -15 C, and
observed that storage up to six months resulted in little
variation in percent germination and differences were only
observed after 12 months. The practical implication of this
result is that, for the 9 species analyzed in this trial, when
mature seeds are collected for plantation at the upcoming
rainy season, there is no need to invest in infrastructure and
energy for storing in cold conditions. This is especially
relevant for species such as A. digitata and C. glutinosum,
for which reduced germination was recorded after cool
storage.
Combretum micranthum was the only species for which
the germination rate at the time of seed collection was
higher than after 3 months of storage at room conditions.
One explanation for this would be that the species does not
have primary dormancy (at the time of collection) but can
evolve secondary dormancy after 3 months of storage in
ambient room conditions. Storage at room conditions can
also lead to seed deterioration (Mamo et al. 2011). In the
present study, C. micranthum did not show a higher ger-
mination rate when stored in cool conditions; probably
because the metabolic processes blocked in the seeds
during cold storage needed more time in ambient condi-
tions to resume. But this remains a hypothesis and a thor-
ough and multi-parameter study would be required to better
understand the germination ecology of this species.
All trials taken together, and assuming seed age is taken
into consideration, we advise that A. dudgeoni, A. digitata,
A. chevalieri, C. sieberiana, C. micranthum, D. mespili-
formis and P. thonningii be pretreated following our sug-
gested methods (prolonged acid soaking; Table 1). For B.
aegyptiaca, D. microcarpum, P. reticulatum and T. indica
conventional pretreatments would be better. A. leiocarpa
Fig. 3 Effect of seed storage time in ambient room conditions on
germination rate of Sudanian savanna species
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and T. avicennioides failed to germinate under all pre-
treatments tested. The former species is known for its poor
germination (Dayamba et al. 2008) partly due to production
of empty dispersal units (Kambou and Guinko 1995) while
the latter, although it produces viable embryos at the end of
trials, has always showed low germination (Dayamba et al.
2014). Those two species and also C. glutinosum and C.
micranthum require further investigations that consider in
one experiment many variable parameters to allow better
insight into their germination ecology.
Conclusion
This study aimed to assess the germination response of
Sudanian savanna species to different pretreatments and
storage conditions. Prolonged soaking in sulphuric acid had
positive effects on GR and MGT of some of the species
(compared to conventional treatments) while no effect was
observed in other species and negative effects were
recorded for a few others. Refrigerated storage from the
time of seed collection to germination (which coincided
with the beginning of the rainy season—suitable time for
field planting) did not improve germination and even
depressed it for two species. The practical implication of
this is that, for the species tested, when mature seeds are
collected for plantation at the upcoming rainy season, there
is no need to invest in infrastructure and energy for storing
in cold conditions. Also discrepancies were observed
between current results and previous studies and were
attributed to differences in seed age (pending confirmation
by formal tests). Future studies should aim at assessing the
additive and/or interactive effects of variable parameters
(seed provenances, seed age, longer storage time—as
commercial seeds are often stored for some years—and
various pretreatments) to gain better insight into local
species germination ecology.
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